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SUMMARY

The results of the internal dose screen of the DoD participants in oceanic nuclear testing

are summarized as follows:

• Most participants received a 50-year bone dose commitment less than

the screen threshold of 150 millirem.

* The late-time secondary fallout produced by HARDTACK I Fir/Koa on

the residence islands and ships resulted in potential for internal dose in

excess of the screen threshold for a number of participants.

* The potential for a significant internal dose was minimal for DoD

participants at WIGWAM and DOMINIC I, and zero at ARGUS.

* Most scier.tific project personnel are not addressed in this screen due to

complex exposure scenarios and some missing radiochemistry data.

Such cases should be handled separately.
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SECTION 1

INTRODUCTION

1.1 BACKGROUND.

A primary objective of the Nuclear Test Personnel Review (NTPR) program is to

determine the radiation doses, including "'internal" doses resulting from inhalation or ingestion of

radionuclides, for all DoD nuclear test participants. Since there were few attempts to assess

internal doses during the test period, such doses must be calculated using available information

regarding the radiological environment and exposure conditions. Detailed calculation of the

internal dose for each test participant would be an overwhelming task, therefore, a method is

needed to screen groups of participants quickly who were exposed to similar radiological

conditions and to identif) those who most likely did not receive a significant internal dose.

Reference 1 describes the methodology used to screen participants at continental United
States (CONUS) nuclear tests. A committed dose equivalent (50-year) of 150 millirem to the

bone % as selected as the screen threshold. This dose is I percent of the radiation protection
guideline (annual limit) for occupational exposure recommended by the National Council on
Radiation Protection and Measurements (NCRP) at the time that Reference I was developed. The
methodology is based on the Lalculation of limiting radiological parameters (external gamma dose,
gamma radiation intensity, etc.) that can be related to a bone dose of 150 millirem for a variety of

exposure Londitions. B) comparing the exposure scenario and radiological parameters applicable

to an) participant % ith the calculated data sets, those with bone dose commitments belov the

selected threshold may be identified.

Combinations of such limiting radiological parameters and exposure conditions
corresponding to a bone dose commitment of 150 millirem are codified in Section 3 of

Reference 1. The codes are derived from weapon-specific calculations considering all CONUS

tests and represent a "worst-case" composite with a fe%, cited exceptions. These codes are used to

doument the rationale for determining that a particular participant passed the screen, i.e., received
an internal bone dose commitment of less than 150 millirem. Test participant groups, by

operation and unit or project, who pass the screen are listed in the body of the report.

The choice of bone as a screening organ is not intended to imply that the dose to bone is

necessari greater than that to other organs. Rather, bone is useful because the ratio of other

orgar. dose to bone dose has a relativel) predictable maximum for nuclear device debris, whereas



the converse is not true. Certain actinide radionuclides, which have a highly shot-specific

abundance relative to fission product radionuclides, increase the dose to bone (including its

constituent red marrow and bone ,uiface tissues) in greate: proportion than to other organs.

It should be noted that if red bone marrow, the critical organ for leukemia induction,

were chosen as the indicator organ for the screen, the results would be essentially the same. Bone

doses are calculated using a fallout composite dose conversion factor (rem per curie inhaled)

derived from Reference 2. Comparable red marruow doses are determined from a composite dose

conversion factor derived from either Reference 2 or Reference 3.

1.2 OCEANIC TEST SCREEN METHODOLOGY.

The same basic methodology used to screen CONUS test participants is applied to the

oc,-aic test participants. For consistency with Reference 1, limiting radiological parameters that

can be related to a bone c> e commitment of 150 millirem for a variety of exposure conditions are

calculated using oceanic shot-specific radiochemistry. The shot-specific radiochemical data were

provided by the late Dr. Harry Hicks, formerly of the Lawrence Livermore National Laboratory,

the Nuclear Chemistry Section of Los Alamos National Laboratory, and the Air Force Technical

Applications Center.

The dose from internal emitters commonly bears a quantitative relationship to external

dose. For instance, while resuspended fallout is being inhaled, gamma radiation dose is

concurrently accrued from exposure to the same fallout field. Table 1 presents the calculated

external dose accrued if sufficient resuspended contamination is inhaled for an internal bone dose

commitment of 150 mrem. Because the results are time-dependent, values are given for selected

times after the detonation. As in Reference 1, a resuspension factor (K) of 1.0 x 10.5 m-1, a

breathing rate of 1.2 m3/hr, and dose conversion factors (rem/curie inhaled) for aerosols with an

Activity Median Aerodynamic Diameter (AMAD) of 1.0 micrometer are used in the calculation.

The radionuclides are assumed to be oxides for lung clearance classification purposes.

In general, th2 oceanic shot-specific results shown in table 1 are similar to those of te

CONUS tests; therefore. Lhe codes developed in Reference 1, based on a "worst-case" composite,

are applicable to all oceanic tests listed in the table with the exception of REDWING Shots Yuma,

Blackfoot, and Kickapoo and HARDTACK I Shots Sequoia and Fig. The codes must be adjusted

accordingly for dose assessments involving these shots.

2
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Some oceanic tests are missing from table 1. In each case, the specific radiochemical

data necessary to penorm these calculations have not been made available. Fortunately, due to the

nature (location, height of burst, etc.) of these tests, they did not contribute to significant

contamination of residence islands or support ships. Therefore, this data gap does not prevent

dose assessments for the vast majority of oceanic test participants. The units included in this

report were not exposed to fallout from those shots for which radiochemical data are lacking.

Some variations in the application of codes are necessary to accommodate exposure

condi.ions specific to oceanic tests. For example, residence of participants in contaminated areas

was unique to oceanic tests; hence, the codes are expanded to consider exposure durations up to

2500 hours (approximately 3.5 months). Whereas the fallout on land areas could remain

resuspendable for months, it would not remain so on ships. All naval ships are routinely

washed/scrubbed by the crew regardless of the presence of radiological contamination.

Consequently, it is likely that any fallout on a ship, if not removed within a few days, would be

strongly bound to surface materials. Therefore, for purposes of this screen, resuspension of

fallout during routine activity on a ship is considered to be insignificant four days after the

contaminating event.

The codes applicable to inhalation of resuspended fallout material consider

resuspension factors that were derived primarily from experiments in desert terrain. Shipboard

activities, such as wet mopping, hosing a contaminated deck, or simply walking across a deck that

has been so decontaminated, do not generate significant concentrations of respirable radioactive

dust, therefore, a lower resuspension factor of 1 x 10-6 m-1 has been included- in the codes to

cover such exposure conditions (see Reference 4). The expanded codes used to screen the

oceanic nuclear test participants are shown below.

CODE RATIONALE

Blank Stated participation does not apply to given shot, or non-participant in (and not
impacted by) shot.

IA Participated in shot activities befoie, during, or after shot, but not exposed to airborne
radioactivity.

IB Exposed or potentially exposed to airborne activity but provided with absolute (positive
pressure) respiratory protection.

5



II Exposed to resuspended fallout but received an external film badge dose (rem) less than

that indicated for the conditions characterized by the matrix below:

1 2 3 4 5 6 7 8 9

A 4.2 1.3 0.44 0.20 0.10 0.059 0.028 0.011 0.0042
B 42 13 4.4 2.0 1.0 0.59 0.28 0.11 0.042
C N/A N/A 44 20 10 5.9 2.8 1.1 0.42
D N/A N/A N/A N/A N/A 59 28 11 4.2

Where: A = Resuspension Factor (K) of lxl0-3m-1

B = Resuspension Factor (K) of lxlO4m- 1

C = Resuspension Factor (K) of lxlOSm-1
D = Resuspension Factor (K) of lxl0-6m-1

1 = Up to 4 hours after the detonation
2 = Up to 9 hours after the detonation

3 = Up to 1 day after the detonation

4 = Up to 2 days after the detonation
5 = Up to 4 days after the detonation
6 = Up to 1 week after the detonation
7 = Up to 2 weeks after the detonation
8 = Up to 1 month after the detonation
9 = Up to 2 months after the detonation.

For example, Code IB2 indicates that the participant was exposed to moderately high

levels of resuspended fallout (K = lxlO4ml) no later than 9 hours after the detonation.

An external film badge dose of less than 13 rem equates to an internal bone dose
commitment of less than 150 mrem. When this code is applied, the actual or
reconstructed film badge dose from residual radiation received by the project/unit is

entered under "DFB" in the table. In those cases where the actual external dose is
unknown but the other parameters are known, the maximum permissible dose limit for
the operation is applied. If further research indicates that external doses exceeded the

limit, the corresponding bone dose commitment must be reconsidered.

6



Note: Since maximum permissible doses are used as "upper limits"

in some cases and activity-specific film badge doses are used in others,

this document should not be used as a source of external dose

information.

II Exposed to resuspended fallout in areas where the H+1 hour gamma radiation intensity
(R/hr), extrapolated from survey measurements taken approximately 3 feet above the
contaminated surface, was less than that indicated for the exposure parameters listed
below:

a b c d e

A 32 3.2 N/A N/A N/A
B 290 29 2.9 N/A N/A
C 4000 400 40 4 1.6
D N/A 3700 370 37 15

Where: A = Resuspension Factor (K) of lxl0-3m-1

B = Resuspension Factor (K) of lxl0"4m "1

C = Resuspension Factor (K) of Ixl0 5m-1

D = Resuspension Factor (K) of lx10- 6m-1

a = Exposure duration of up to 1 hour
b = Exposure duration of up to 10 hours
c = Exposure duration of up to 100 hours
d - Exposure duration of up to 1000 hours
e Exposure duration of up to 2500 hours.

For example, Code IIAb indicates that the participant operated up to 10 hours in an area
where the H+1 hour intensity was less than 3.2 R/hr and the level of resuspended
material was extremely high (K = lxl0-3m-1). Such exposure conditions would result
in an internal bone dose commitment of less than 150 mrem. Note that film badge dose
information is not required for assignment of these codes; however, use of this code is
limited by combinations of duration and intensity that would not lead to exceeding the
operational dose limit.

III Exposed to suspended neutron-activated material in the absence of a fallout field.

Justification for this code is based on scoping calculations made for the inhalation of

7



suspended neutron-activated Nevada Test Site (NTS) soil (see Section 2.3 of

Reference 1). Similar calculations for Pacific -Proving Grounds (PPG) soils or other
neutron-activated surfaces have not been made; however, the need for such a code for

the oceanic assessments herein did not surface. Code IA is used for activities aboard
the neutron-activated target vessels after CROSSROADS Able since the lofting of

neutron-activated ship constituents is unlikely.

IV Exposed to nuclear cloud debris while in flight but received an external film badge dose
(rem) less than that indicated for the conditions characterized by the matrix below:

1 2 3 4

5.0 2.4 1.1 0.5

Where: 1 = Up to 0.5 hours after the deonation
2 = Up to 1 hour after the detonation
3 = Up to 2 hours after the detouation
4 = Up to 4 hours after the deton-ation.

Note: Exposures more than 4 hours after the detonation must be evaluated on
a case-by-case basis.

For e._..mple, Code IV2 indicates that the participant flew through the nuclear cloud or

fallout within the first hour after the detonation and received an external film badge dose

of 2.4 rem or less for the duration of his immersion in the cloud. His exposure to

airborne contaminants may have persisted unt, he ex* cJ. .. c aircraft. No personal
protective gear is assumed. Such exposure conditions .Ad result in an internal bone

dose commitment of less than 150 mrem.

V Exposed to descending fallout from a nuclear cloud where the H+1 hour radiation

intensity (R/hr), extrapolated from survey measurements taken approximately 3 feet

above the contaminated surface ind corresponding to completed fallout deposition on

the surface, was less than that indicated for the conditions listed below:

8



1 2 3 4 5

30 15 7.5 3 1.5

Where: 1 = Up to 10 hour, a''r'' detonation
2 = Up to 20 houtr"- .. z _ detonation
3 = Up to 40 -,, .,fie :,-,tonation
4 = Up to 100 hour. a ,, the detonation
5 = Up to 200 hours .- ter the detonation.

For example, Code V2 indicates that . .. frcm the nuclear cloud reached the

participant's site and attained a reak ra .iaion intensity within 20 hours after the
detonation. Negligible fallout- deposition occurred after that time. The peak intensity,

adjusted to H+1 hour according to .1.2, was less than 15 R/hr. Under these conditions

the participant, even if unprotected, would have received an internal bone dose

commitment of less than 150 mrem.

1.3 INGESTION DOSE CONSIDERATIONS.

The codes described in Section 1.2 are applic:.ble only to "he inhalation pathway for

assessment of intei,,al dose. Possi'.:e ingestion dose commitments have been calculated for tho

servicemen on Rongerik Atoll who .vere exposed to fallout from CASTLE Bravo (Reference 5).
It was determined that the higestion pathway accounted for the bulk of the body burden evidenced

by urinalysis. If the entire calculated intake (about 6 millicuries of fission products) had been
ingested, the resulting 50-year dose commitment to the bone would have been 600 mem, as
derived from Reference 6 (fission products rather than actinidzs were the dominant contributor to

bone dose from early Bravo fallout). For application to other possible episodes of ingestion of
Lontaminants, it is useful to note that the ingested amount coiresponded roughly to the activity that

would have fallen on a plate of food during a meal. This was possible during the deposition of

fine fallout particles because of screened buildings that facilitated ventilation--accumulation of

fallout was noted indoors at Rongerik.

For other major instances of fallout on ships or residence islands, the duration of the

prin.pal deposition was comparable to that at Rongerik and typically would have coincided with

one meal. Despite the long residence of personnel at the PPG, meals subsequent to fallout

deposition would not have afforded much potential fir additional dose commitment. Sealed food

stores would have prevented pr-aary contamination of foodstuff, and routine me-s hall cleaning

9



would have precluded repeated exposures at the initial level. Contamination, once on the ground,

is ingested only if it enters the tood chain. Since routine meals were prepared from imported

foodstuff and drinking water--even that from wells on the residence islands was distilled--such

contamination is not considered to be a significant source of internal dose. Thus, the level of

activity ingested at Rongerik ,;hould be indicative of the potential in other residence ,ituations, for

corresponding levels of fallout contamination.

Because long-lived emitters are major contributors to the bone dose commitment

resulting from ingestion of fallout, other contamin.:ting events, regardless of when exposure

began, may be co ,ipared to the Rongerik e;isode by normalizing late-time survey readings to

1-1+1 intensities. The Rongerik extrapolated H+1 hour intensity was 140 R/hr ,ther instances
were far less. For the shots contributing most significantly to internal dose that ;ad this potential

for an ingestion dose (GREENHOUSE Item, CASTLE Bravo and Romeo, REDWING Tewa,

and HARDTACK I Fir/Koa), the H+1 hour intensity did not exceed 3.5 R/hr (except on USS
PATAPSCO after CASTLE Bravo). Thus, the associated ingestion dose commitments to bone

are lees than 600 mrem x 3.5/140 = 15 mrem. At less than 10 percent of the 150 nrem level used

in the internal dose screen, ingestion dose does not warrant a case-by-case consideration in

determination of each unit's passage or failure of the screen.

10



SECTION 2

PERSONNEL WITH BONE DOSE COMMITMENT LESS THAN 150 MILLIREM

Application of the methodology discussed in Section 1 results in calculated bone dose

commitments (50-year) of less than 150 millirem for personnel assigned to the units included in

tables 2 through 38. The assessments cover the exposure periods specified below and are based
on unit activity information and radiological data contained in the references listed.

OPERATION EXPOSURE PERIOD REFERENCES

CROSSROADS 1 Jul - 31 Aug 1946 4, 7, 8

SANDSTONE 15 Apr - 28 May 1948 9, 10

GREENHOUSE 8 Apr- 20 Jun 1951 11,12

IVY I Nov -3) Dec 1952 13,14

CASTLE I Mar- 31 May 1954 15,16

WIGWAM 14-15 May 1955 17

REDWING 5 May - 6 Aug 1956 18, 19

HARDTACKI 28 Apr- 31 Oct 1958 20,21

ARGUS 27 Aug - 10 Sep 1958 22
DOMINIC I 25 Apr - 31 Dec 1962 23

It must be emphasized that the assessments are based on the conditions reflected by the

codes and stated activity. For example, the activity stated for the typical crewmember of most
participating ships is "Routine crew duties aboard ship." This includes command, navigation,

communications, electronics, messing, power plant operation, etc. This does not include
activities on contaminated shot islands, small boats, or other vessels; or work on contaminated
items ;helicopters, watercraft, buoys, etc.) brought on board the vessel under consideration.

Such complex exposure scenarios must be considered separately. If additional information
surfaces to indicate that the exposure conditions are not fully or accurately portrayed (e.g., if the

,a; t has, -posed at a later time than that indicated, such as for post-operational garrison forces),

the dose must be re-evaluated.

It should be noted that, in most cases, oceanic test participants were exposed to both

descending and resuspended ,^lout. Both sources are evaluated in each case and the combination

is considered in the pass/fail &termination. For units that pass the screen, the leading contributor

to the dose is indicated by the choice of code (e.g., II vs V) used in the following tables.

11



It also should be noted that personnel in unlisted units did not necessarily receive a

bone dose commitment greater than 150 millirem. In many cases, units are excluded from the list

because scenario or exposure conditions have not been adequately identified. This is particularly

true for participants in scientific projects; consequently, few scientific project personnel are

included in this report. Also, in some cases, the upper-limiting inherent in the application of code

definitions may suggest doses greater than 150 millirem, whereas more detailed analysis would

qualify them for inclusion in these tables.

12



- 7-

.

CL

InWwo n ( 4 c n c

U 0 0 Q

0 0 0 0 0 0 0 0 0

t cn C) C) C) C) C) U)C) ce) C)

(1) C) co V) GO) C) C) U) V) )
9 .) ::C) ::) U C)

Cur

I.. 1)



0

000

z 04
c o >

-o 00

7.2.

0 as Q

a -,

0 r4o

1- 0 -.- 2e

0 C- '
C)- 03

0

~~0~~.2 .c-. oc

o~ 0 9
0 0 .- U - ~

E - 0 '-~ 0 0 ca
0 =

7* 0>

C>" 004 . 0 > >

Cl~~ cu E-

000

0.
ClR~

C-0 0

00 c,,

14



0

0000 00 00

cli

C%)

00

chi

0~'0

C. 0-0)
>1 0

C4C

z7
720 2~~ -a 0~

,4 C)

- C)~1- 0

0 IX C 0 
LmZ = = _ = - t

C) WL -9
'02 -J: < 0 -

<'- ca- C) - U-

C. C, ) C< o z -Z>

0 C4. I-- -E= ;C
>~ o.( .- => E 0c -?< 0>C U- >

CC N)~

ci~~~~~ ~C 0 -> * ,zRC>, 0

U)0 Z 05- g c

R, 0
CZ Z =-0 - LJz

C" i c)) - wC)C4

5 o5



0

*8

00 00

~0

Cu

Qu

o) 0 a-ts

00

- .Q

0 0

0*

~ ~00
ro- 

-

0 t:4

~0
FJ~~' * *n

=I a*0
R o 0, 0

J..0
>. 1. 0 LI

w~ 00

2*'o al2.0

.00

~ _ n

14 V~

160



0

00 00 00 -

00

00 00

cJl

CI-

'a 040-

W0w

0 :

0 ta,0

~ P
co - -.

>1 m2

C i2> <i -n 0 . 4-

Pu Q.C UO 0 "

u~~ '0 c- K w 2?

10. U C: - l

) 0 0 r u

u4 08

0)0III. I 000000

00 0 0 00
so 9 E*

U 0 S, m 1 - t 4i 0* L

-,:I CO ro- 7d .



0

00

CuC

CfC)

a- 0 78

8 r-2
*( 0

C)" 0 .. U0 C

L.~O A. E- .*, )
94~ 0

0 - 8 u
4) 0*C a) 0,', 0 " p 2 4 8 2

9 8 lz g . 8 9n c
N 0 0~0 0. > -

zs .Ju pi0~ 7~O IV! "

0 cl 0 -- R

c c: Rc 0.
0 0 ., .0 0

OPQ Co'
04 E

Z180 '



0

p.8-

X 0

- /)

00 .0

o 0

=: 
0

Icl* U C)< C.) .)0 4)

..H
>1 

K

H-,C) > N*

E., =~ w o"i !t

4 - s E* (I < pq 0 10-

0'0

Z30
L) C) >

10L a %:

00
-o~C' 45E c zS I3 W8 9'

Cd) * C o E

0 2 2**

0 ca li 09



.0

00

r. 0

z~ 0

0 a

o o 0 0 I
4' 5 N, 30 0 0

oo =m 0= <

0 0 0 00

< 0 0 z ~

E! ~ *- 0 80 U 00-0 0-0 .0

Z L) -4

200



0

00 C.)
.0

- - 0

0- -e .8 u

0 C-4U<

- n -0

o. -

< U

0, * -. () ..

:D 'm 0 C
Q)O I-

- -)

0~* 0
0W S

c~i z

C/I )l u L o e) <C

o> .S~ 0 - 8o 0~6 0
o o R 0'

U 0 0~o CO)0CJ
2,0. ~ C4 u. C)=C)a0xc

r-z 0 0 

>* 0

UC ~0
~ 'I! ;

03 E2
u2
bo)

u r- *

< cq C1 v 921



.> .08 0b.0t

00

LO CO)?C

ejC)

j~* *c-
.~ .n

~C I qv Ix =.l.., C)-~r

. * * .

w 0

0 : C4

0/ =0C)- =C
0 o ci

P4 o C.40. *

22 o 4K =-r-,= r



g) Ii
0 -

cc.
F--

00

w C.4

co CfC)f4
E-4 8

0.)0

NI 0 0
* *cn* C

"IS, C ,
u 0~

~ >C>

A 0

0.) = -

0 C-0o
0\

EE
40 0 >

Cd) C3 Q

(1) jd V)

> > 2>



0

00 00 0

~.)C) 00 2

~ - 0

tD Z 04

IC-13 u

00~ o00i

pq w o6

S 22
0-0

o ~ o
c- Q

Oi2) > C)'Z
o 0o e.- < '

*n * <.' 0 S
;D~~~~. o-.3 c -- o '

< q "J, 0 o O r- * -1 * *E-
0 0 0 0 .0 0 .

. 0 -Z , u A!z u

~~~C 0 ~ 0 ~ ~ ~

'o
,A W) 0

0 0 0 0

o 0- = 'o 009-,o c0 0

C) 'o 0 z K 2 ux CIlul 0*zc z 3c
242



0

* * 8

u .0

C>)

> 0

0 *S. c

g 0o 0 0 0

C4 U

o 
94

W "a ~ *

~ 08

0 .0

-0 G~~c -Q c! '! c2 9 0) a.0 *, 7
0 ca z 'm cl Cca~ 8,W

L)~~ 0 Q.

m .

ci i mg C4m ) cc * *W

w~ C/) EnCI
&0a too toC)c

cC 0n

25. f



0

0000 00 00 -

- -
.0

CD C%

cli

_.j z 7

or 0

:4 0-4 6,E-

a U 2.:r

0 88 0<.
43 2 'S

a U Il 7

~g 78 8
Cg)z~ '0 E z t C3

S.. ~ ,.0 G 2 L3 0<01f -~ ~ C)00Z .C

0 0

< 0 .8
o0 > 1 ~ '0 1> 8 0. 10-w'0 1- -4 C

CA 
cl

0Cx 0 ) C)

00 0) 0

Q 00

C4 0 ,c 828

Z0 00 00 C>~
WO >0 00 U0 > 0m >.

-0 w40. .0 >1-26



0

.0

C/))

F-

> .0

00

0 z 0

zr- - C3
C - C2 - EgJc~ to 0 0

'.JC'- 0C

-* cnC

* UC 0. 'O o-o o 0o P 0

<~c ca.e.. <C~.. * m~ ca

C*' ", m -W

0.0 10 4.4.

000
e.-

C. ) >,

f.L0

0 Z-II C/) C/ .li

27



cl -M

0 ~0

a>) a > a> Cd > a>
-C4~ r-P

CO (1) to toCOCo

C3 C3 -nj V nC t

C,,.- 2;L > 3-C - ~ ~

OC) 
00  

0CC 0cc 0 0 U 
0  

0 0

0

Coll

- 0 - 02

CZ C Z73 C -. "m I- Ca ' C * -

0 o 0 o o c o S o o o 00 Co 000

0 i u 0 0 0 128



C,

Cu

CL

Lt.
0

,-

NC)0  0 CL) 3
6- cn- L' o- *L. CA I- %-- s

0~ ~ 03 0~ C)0 ) r

2.> 2> .> 2> 2 4 .> 2.>
~ C) .= C) 0-C -0 0

to_: t Cl. Ccz to tc: c

"U 72 C:. -- -Z

-- 0

CU.

0 00

_ C: 0

29D--



00
0

to 0 oo oWt

'D o

30~

1i 13 03 0

u 94 0u IX u u 05 0

00

C4 C)

30



CIS)

0

0nC6

-4-

00'

cQ U 0 W n V CO W cn U)V co C/)C
n n C4 C) w) w) V C)W w) w) C) ) C) i U)C

00

C4C ) ) C C ) C
PW ~ . ~ ~ ) C

31 I - .



X*x P00

cu

10

En

cn

03 Ca0) c

00E

04 u

Cu Cu

0 9- D c"' O C

Cu.- E 0? b
al - E

uC

EtoC 0 U4 C/ u

- C:

:; ;;i~ ~0 On

Mai0 Oc,

H~ o~Qc#~C)32



030

U5,

0.l

gI- 9x

2 04-

It) M 00 0.

>* 15 0 = 1

0

0~ ~ *-CU()

0 00

. . *= C4

0 .0 'Cl 0.%0

QO 0 oUc

0 j U)

-d 0 -

.00

Ci 0

0

33



x ~fl

Cu C

Cu C

0.0

oc

C) cr

t o e ) C)to
>-6-

I-0 '51-

4I) u a >C
-t 0 0

cfj

00

CO~-. 34



C/)

og

onco
ca 0

en 2

en~~~ -- -- --~ e n e

CIS 0 * 0 0 cu

o 0z 0Coll~00

.~ 0

r--

0 * 0 0 0 0 z

0/ co #0 0 C-1) cn2~

r04 u - --

35



00

-4
rnn

ty 0

CZ

00
78

0 ~0 o 1 046

00

2J 2

0u an al

I-. C%3c
Ci Ci Ci 0i't /

36H



Cfu

2.

W4

-4

4.a

0

cl .0 .az~

- C C) C) ) Z) m) ;DC) C

Cu37



00

Cu w2

0-c

CALnenC

tn0."
0.>

c. a C* .J u

.o V,.~.

> aJ

P o 0U 1- 0~ U .

CO 0 .- S4r-

~0

0, = 0L. r.0 0
L. ' 0 

0
.

enca.~ cn 0. CAc~ %D. c . (A0 4c0

t. ~to to.: to- ~ t*~ to.

CC/

ON 00

00

38



a< 2

Ma ca. ..u ca

tcn

,.- cE E..
Q oU~ Ol

&.4 =0 m.cl m acs

COC

0 000

C Nd C2 0d 0d d

0 0 00 0 0 00 39



x l

.0

c-

mi2 zi -J! v. 4 .4! ca

C Jca C3 cu ci C3 cl czcO

> .0 r- . .2. 'o 0 .. . 2.0 - . .0 20

t!0 0 ~ 0 ~ 0 ~ 0

0 C C O OCOC

rOC 0 C pa 0 0 10O0 O0 0OC

.- 0 0Q ~C r

c-0 o C toU_

z
z 

0

Co Co U)

40



'l

00 w -o V V c-- r

.82O .82 Oc0 to, 00 0

6-5 -- :90 ~0 0 ~0 CL0

W)~~ ~ ~ ~ 0 o U) e ) nt

-' .2- 0 -

CS = ) C2 0 e- 0 0- 0 0 C)

0 .' - E 2 E E E2 E
0~~~0 000r- 0r- t

m7 0 0879-
0 -l

S 0 E

ca f- clica Z0 C45 u

IIc4



'.33

>0~ 0 0. 0~ 0. 0. ~ d ~ ~

V)' coo 'n cn C3 Ql El c W
& &'& 92&

X x8 xC 3 X X cl I

W2 W2 w2W
a c - *C *- *C c

0 , 0  0dc 0~c 0d, 0d CL, 0 d, Cd, 6

to o to co~u ~ u~

o -
0~0 '0 -0 . 0 .8'

0 r.u 9:2 .0 .0 9 A 0 42



C..

ou 0

0,: -- .- 2

-ccz

- c: 0C.)) 00 00 0

02 - - -'a - -_

C- 0 o c 0 0OL . O L 0 i.0

0W0 oc0 0~0 00 0:0 c 0 5, o

C)-o -o 0 -to C. t0O )

U0 0 0

0 o o o

z ~ o COc _>O 0

0O CO CO C4, 0- o w

C> CA 0 W C) co" CO c o W o C4 C V

- ) zc

ci = c43



-l cla 14 C

>. -E L.2 CLE CL.

o U U

cn o 0 .50000 o o

UU
ci.

r

to 0 to0 0 0 9

IT.0
V) 00 00 )

44



Z Z0 '0 o
U~L U )U

r- C) r- c
00 r- 0

7:2 00 '0 '

0 0

C ~~~ o0 ' 0 C~

o 0 S

0 U n

0

o2 0) 0 V 0 0- 0

OC- M
u ~ 0

-~~ C -U z U 'CEC ~C) Cz V C3-
'0~ ~ 0C ~ )

0.2 .2- S2 E0o 0

C) C) 000CD =81 c
Uq 0

45m



>0 >

u u

0

cz 
0

~0 4 WI)

C1 d sr :
0 0 = 0

o~

t:O 0

0
-r 

a)~5

03~

0 0

u

%00

46



> > >

cnC)Cf Cf) MO V CO) cO

> > > > > >>>

z

cl)

ine

- - e

1-4 n en e n en e ne

9) V ) C)W4

0 U))
z I I C) C6) U) co) Wd Wd V) CO) Cd) )

CO Cd) 0d Q) 0d 0d 0d Cd) ) * C)

73 73 I

470



kn tn tn kf n in k:tn' n nk

030

m~ 0

Z0

m- cni c0) 0n u i ~

cli

to~ 21 0 < m

0 Wi ci c wQ) c

=ci cl ci 0i c ci ci c c

2 0 0 0 0) 0 ) 0 0

0 C/0

I_ C/) V C/) V) i' C/) V) Cd2U

48



cJ

o~

-.Zx

0 U 03

cu C* u CO ca 0 CIS ) Q U

unhli un
":' 0 :3:3 0 ,-3 = ,2

ci u u Q o u 0

03 .00 0 0 0 0 0 0 0 0 0 0

~ Cd~ C~ C Cf C? ~ C

E 010 00

49



>

y C) cn

o 0

c) s C J

Q) 0 t c s C
c)~ C) W .j o) V

Hl Cd;3

0 2~

U U u u U u

L. 0 00 0C 0C '0 '0

r4~
C)C.C) C) C

U~ C) U U C)

C) Q)~) 1C) C) C) C) C ) C

0 Ctn 0 n2n (

05



cl 0,

0 W t

) .5 bDC/

W, -E 
-- -o

Hn:;

.0 r- 9 -0.0 8 C

0

'-.4

CUU

U, ~ 1



L183

0

CT c - r- r--- r

0to

Uu

000

P0 0 0 in0

(nO 4. ))

,),cq

w w3 * 0 r-C 0 3 c

0) 0

' '.9

P-1 o0 o oo

0. GO :E 1 : 4U- r o =1 o->=(p-C

CU C)UCz.)S

>1.. ) -o0o oS o

~ 0 0P

•j .. ".. ... U-..

u o% o E .

S.= " oo

r: U

52 C'r-

m -- 5 0 ~ 0

52



0.4)

- cfn

Cfs

P . C7

Q Co
C/ C.4

i n . - .. "o 0

0r * 1 0j 
to2

C) 0)

3 0.

e'ZI

53



> > > > < > > >

NC N

> >
C/1

.;-

0~

00

0 o o o 5

.- .- .- o :U 0

L)~ 49 U ~ .5 0

s. O..i. . 0 ca)
ou 0 0 0

.CO) PQ 00I 0 .
Lo .0 4i . ..

c~ C) r .2 r_

0<. <. 0. *= .__ -.

z 0.-
8 > 0

V6

T:

:3* .08c~
-- < >

0 0~ 0

0 00

OJOJ

E

50

54



C)C

E-

Cfl a

C40 C.)0

~CU

w to. C)

C 0 00) _ ca -m
0

~0 0;<

~ 0
M

CO 0~ gy

%0 \0 \O

55j



CI - - - - - - - - - -

0-

wQ E

C.)

ca M 4= cz a ci C .

C~~~~ U) C C C C

~~.
C C C C C ) C* 2 ~-

0. CC. 0 0 > >

00

ui . .C

C4 C.*' 0

cat- C. 0 c

CU 0.0 '? .

C?
0 xC0C / 4 v0

aq CC)
M %n

C3C

.z

56) C



?Lt.

?=.

cn.z

f..- . -. . - ,_ _ ._

- o.- - -= o -

z; 0

-C.-- x- - -

C)C C ) ) C

-._. o 4- -, -. - -
L..

.= >

C) MU CA

o -- - -.
C-. E -... )-. co-. O

ca C

r4- a I- = c " 5

!3 °.,,

tn K

>= --

U,~~ 00C-0~o

•3~ -sC) - 0 r)-,-'-

57 7

~~~C CIS* CI

-30o r>1 ~ _ o->~C 0

C**C)-Y-C

57S L ~ ~ c



0

c u

IZ

00

00

_ 0

r- 0

ac 0 >, 23
ca~

0Cu'O
o >. ~

r-9 54 r-

4) >
Cuj - C":

0 >
02 v,

75 u 0

ut4)

0 en
u4

58



Cf) M. C) Cf

V)

* * *

tn caU

(U>

z.

-r- C)

6O .W ci

.0 0

Q u) U Cf

2 02

-2 - :z~ c5 .

.0 10 V,0-~~

0. P .) 0. U. en U

00I

0 00 00. 0 0 0A

co J) C )V)V /
v vi n vi f4 c)

59



* *

ca 0

w) ) r_
-) - 0 u

a) o4)

CC.'

2r. 0 0
4) .0 4) V. t

4) U o I

4)2 -
42 0 0 0

0 E > )

0 03Z

'0 U

cna
~ c4)

* ~ C 4)cn~
fil Iti 2~,

060



In.~

U

u ~ u

~~up.

kn .0

V4)

0 or- ~ C

Cu C4 4)

0~ to
ox -- .

wECS 65 ~ cnc 0 )"

.5 4)Cu ~

cl 0' Eu C 0 ~ -

- 0 O0

C3Cu

'-a x

E-4)

0)

0

uC

61



0 u U U U U cn u

C, -

40 .0

S. 0 -- C4)
V))

0 o

t u

0 0~

a ca
>10 4) C)~ 50 -

4) . ~ 0 0~ 0

0 a

cz C4 0 0 t

*2u to w ~ ~

0~ \0

0n C/)
N- 0 o Un.

00 cq -

tn ~ 00 C

62



0J

b--

o

U

CCds

M I-
00

00

:a "=n to W. U) Q) W cn W

0~

CI 03~
0u 0 0 0.. 0>~. .0 .0 . in .2 10 .0 =0

ca 0 ca a c as0 0a.-
0n W ml 0 A O))nw cn en

0) 00 ) 0 0 ) -) 0 0 0

0. '0 0 ') '0 0 d0 a0 '0 o.

"- ' I -

=3

08. 0 0 0 0 ~0
o0 1% C.9

0 00 ~ 00 0 0C 0

C/0\

m4 'E
ad. 0/ 0.~0

C-) C-) C/) V) '

CV cnM CO V) C) ) crn 0 / V-) Ue) cd) to

63



M) M) C)

>> >. >-

0~ 0

P) en w w V0-

0.)~~C 0 C)3.2

0 0~ C

04 C0

E bi P4~C Cfi C4 l Ix C4

r- c) V) C) cn 0n c
-4 >

~6



1.u1 u

4)4 4 ) )4

,- r. Irs It:$C

7a-r

-T 0-

0t -0 "l)

0~ 0l .0

Co- 7, C 's
r_ 0 V; 0

:r~ c.- --p 0 -

M~ cra b c

0~~' 0? N:r 42 N

0, c~ 04) 9 cl 0 0

21 .2 E 2 o0

Q))

LA1

Q, ~ -

I)J 2C
LA g S E) .

C,)c

04 0

65



Cis)

C-) 0) -

0 to 0

03, a 0

80 0 g~ 0-

H ~ cn W r u r"
o- 0o- f

P .0 0 0

EI E. 'o- C,30 O 0

2i to~

.~ S ~ ,C) C

E a CU ca

C: C)LSr oE p m

S c C

CC)

CC,)

0 E-

66



0

.,z

C,, C.

o Icu
v<

4)- .- o o o o o - -

0

Xcn

e-- coz 
,-

4 0 0 0 0 0 0 0
0

0 0 0 0 0 0

U)) 0) U)) W

00 0 0 0 0 0 0 0
PIZ 0 f Cfl Cd C) Cd) C)

0 0 0 00o

00

0) C4.Ca

0 0

0

14)

ca 4

00

67



0

0

C4

00

-4 -

Ci)i

CV) C.c wr) > :

0. 0.
12 C.3

*0 CA

0l0

E0 .0 .0 .0 u

C/) E. C.0 '0 '0 0 '0 o 40.

00 0 0 0 0 0 -0,

U)0 to00) 0 0

U* 4 0 0z .0 &n

= ' Z '04

130..

00 I-

680



ZI

0

-0

gel

CCA

in 00 0

0.".

Ch =0 0

~ 0.

CRC

cu 0
cn 0= C

0~ CP

-a ) 0 0~ r-. )

0-

o C3 0 -2
c~ 0~0 0 E

*0 0 E 4.

cq X'~ 04 < 13 5 0U n -5

czC ~

0.0 ~C) - >V ~ W ~ .~ .

-. ~ ~ 0 -cC

00

r- 0

C% g

a,. < CS

69



CA

>1 >

0

M) co c
>C > >

Cl.

0 N

0 .

C-4)

73 C.)

C.) r2E

0 0 C). 00 C)'

0

E -z

> ~ C

00 E
cx, 00

0 0 , -

2 V; P t,ill Enc C)c CO cn C)
Cl) Cd) C'cn n O) r.:. U) .C)

70



M en

01

C3

cn~ 
I

- ->

M C3

C.,,

:4)

CO C)

0 02 .0 t:
o.:. O d 0 0 0 0.0
- -- o 0 .o -1 . . -

0 C)

r- 0 0 0 00
(V z ow 0 Z C c

C.C,

0 0-

. c) 4 -< nC n n

I- r- > > >

00

C C -0



0

:~ ~ y

cn

.ro

0- j

1 - rz~

t44 0. 0i' 5.

U rn 80 'o

14.1.61" 0
Lv as 0 0

C.= o u = u. -

02 0 0 4
0 0 .s~ o o .

0

c#) U,) U) 0

72



0,0

.20 -

"a C)i C)

~~~0

u~ q

rU o 00 - 0

gn 0.

C) C,3 C'

78 s o ' - 37

PQ E-C.0  PQ iz.o m . o

r- '.5)-

4u ) to 0

4) 0

73.



0 C

4.

Zn *! * 4:

~ 4) 4 4) -

=Pm4)

4) 9Q
1-10

U%0-- -

T4

U U.

0i 0
to to ~ ~~ C-

-- - C -
=- r.C AO>1 C -a

4) M4 0 4) 0

r- Vol* r. r) Q

0-0

.14)

0 03 0 .

) -Hs

000

74



C)n

d C

CC

Cl)~ C4C o

C/22

tE)

cnC 0

<2C C iC r C) w) w) 0)

GO C) U)C)2S E n c

I- ~- -75



cu

Cui

C,0

P2~~~C CL C L a L C

03~~~ 10-V 1

C/)C -0

00

CuC9

C/) C. C/ C/) M C0 C) C ) nC) nCI

En Co En En C) U) C) C C) C En co

Cu.00 0 0 0 0 0 0 0 0 06



Im C

zi

0

U

Eli 0
-o

0 0 o "CI 0

Oto
r_ - 52.

0 0
00

0 02 0 0

0 0 0 - 0
4) -- 6

6 0

tto

030

F- .~ cn

C/)

15 -r- C.) to

Mp 4 2 0 Z20 0.) CO) CO 4v i r i v

Sto j V0) C4 en 0 ON

77



ZI

10

o oi

CIS0

cn 0

C.-i

cnr- r-C
C)=

WC- )-0 )

t:I r- C t!a C

0)' 0~ 0 * "-0 V 0

0 0 1. >
.. C) C)C)

CC

CU LI ~ .-.

~C ~U .2 ~ ') 0
.C ~~n 2. ' ~ 0

0 u0
- -h 0

tnu

78C-



cqNc' C4 ~ N' 0 U

ZI >' >4 >4 > > >

MI M

>j > > >- -> P

04 CZ- - - 0- 0 0)- S

Q-I -

>- -4 C4/e

u~iJ
00

Q C- 04 0 . Cu4

C3)

cad CIO

0

CC4
Cuc Cu C u.' C.. Cu- u' C u 

cl t l c f o C) CO V C). C) CEn c
Cen Cd C)

V V . ~ V~ ~ V *~-79C



e'l N) 0
E > .. >

0 C"

CZ"
En l- --- -

- ' -'-

1 L <c

25
cs (D

zn *

.. 4

00

0

00

caa
e)

0 0 0 C.0 0 0

00

0 g Z 00n 0 CI
.0

c) C-) c 0
o 0

C/ .2 C)m Cl ( n5)c i- e
.- 0 U) coU =:e n = tn

- .- -, In -

0 3:3:3:80



u u 'u u

Zj u <ILI

O~g <

<I L L I IL

cu En'

44 5 " << u0 rI - 4

-Z

a c

o -z

m r_~I C ; .- c _3r

12 12 e) 0 5?4 t

06 C.)

cu C. -zg , 0 O

: z r 0Q - C CZ C.

C)C)~ U)

E C Ec 0

&~ $ 03 0d 4
d~C3 d C3o0 r

-. 0 -. 0U

CC.- C.C

C, 0%
4- U)

.~ C~' 4 C..0 C.C81



C" <

< < <

--q

C, U < < 0

<l < < < < < .

.< z1 - - -- - - - ~
E < < ~ <

3.-L.-

>J 0

0-. 0 < 0
I-~ c'

0.5!3

:- 0 -o -

2 -- - C3 C. 8

Qc!=

=.= E -- 0j E zE

-> -- - e < <

01< <n
C. C2

o -
to C4 ~

0(J) o,-<

0 0

ci, 003
ce~ Z-

r-4oEc *C

C) c*~*,~ _ 2 82



C-

> ;
ICI

P-,
C3~

cr > > -

w. C3
C., = 

0

0> >9
C. C.I

S.. z czc--c* c cC

<0 g0

E.. 030

C.- CC C )3

0U _

~ c:
E~ * *~~ .z *~ z 0 ~ ~ * *~ ~ 0

~ ~ E
C) C C) ) C)C) C C) ) C

.0c (C00 04 ~~ 0 

0 0 0 M

C4 w 3 o U C-) w- w- wl -

83



W,

IC

OC,

cl =i >
0

'S. 0 L

-4< r
rn C."

C-. C.'- -3 c z z

I~~C * .j .

wP. cn C n V a 0 w C4C ) C, C o.

.0 .0 . 0 . 0.0 C) . 0 .

-en-
Li.

en en .2 7n e n e n n e d 2 n e n

> 0n

w .7 r z CA
R500 55<5o0000 0

0 en<

00 Q w w 0 Z " -3.3 >E 2 > C)
co c U) cn e cn C6 c C/ rj) En n cn cn n V

(n cn C/ c C) /) cn w n 0 w c V E

84.



cn

cs~ oC.-

C3 -C

>U,

C..-

Lt-

W I..

c: C- C. - . C

> 0.
,a -j -3 .0-1

,cni LI6 C4 t UV d cl W

C14,

eC C

* .3

0n < 6000 vj-,60 0

.2.2..2.2 22.. 
Z Z -P- "I C4 04 zn u) coi

en en Cn c ) en c) cn w) m C) w) c C6 en
Wi en cn n U n U n c n C. w c ) c

= - = ci 85



0 0 ^0c

Cl.0

2.. = - .= * =

g0 b

-- to0-C a)* v)c

Z3r Co . -
2. - H

00 .n ;D -
U, 8. cn tf

<4 0~ 0.

0(12c ' C.
0  ~ :o u)~ o

\O~.4) ~ ,~ z u86



CJ

zo - r 0

4)OO

0n -G CU

cn ~C/ 0 L ca *
:a " 0 ca E

o ).- o-= 0 0c
Cu~ -~Z

m cu

C0 CU~

t--

87



z u ~

'4

00

I-4W

00 4.5

V CA
0n

cl. 4- .cs SL CL :

-o co V)C

c . . .

E- 0 .~ VV V ' V a

0 U-) 0

0 0/ 0 0) 0- 0 0 ,

V u~C ) C

cl ~ ~
cn C/)

Cf c

00

88~



.2.2

xl

0

~CU

0

~ji~ 0

~.0

C) C 3

V)

0 o 000

89



<I- ----- --------------

0-

CLi

cu -
.3C 1=

cj,~~~~~~~~~~~ C0 0# 0# 0# 0# # # # # # # # # # # # # # # # # # # #

0QOOOO OOOOO OOjooooooo

C.) C. 0 U C.) U u U lu U 0 0 .0 0 U U IL

0 ) .) 0 0 0 0 0 )et 0 e f
oooo ooo oorooorooC

0.02
ct)

< >
P45

o

C4 Li

-"% 4*

Z go z 8) w 0 z90



o - - - - -

0I

C.

cz=

pO CC O C O C O (C O C O C O C O C O C O C O C O C

csa
z4b-2 g g g g .~~~~~

ls

E*0V6~V O ~O

0 4)oc,'2 2 2 .o..0 0
r 0. . . 3r 4c 3c v z ciC . . iC uC.r lc

~rS< CE
u0

z
w0

00

F-Iozo 00
z C/)

0-E
< o 0o IQo > H E

m Ci u < 00 j0 >*

c')1>



0 c
00 C CJ

im. 
.- 0

~~C3

00 0

oa -~ 0 ca *

>0 t:< - uC

z 0
t 2- t: 0 r l

C- ro C C-0 9

~C O
-c r-a 0 , 0

0 0 on L.2 0 ou
0 n C, C. s

oC C3

o r

0 cr_ o) 0

'0r ;.- 0. P0 C -C

00O~ ~, o 0-,3Ii ~ H
toC

0 C-. 0 C.- c w0

r_ r C.,.

.- In -ScOC 0

0- 00 C)C/ -%0C
.2~t 0cn00 CC .oC

W CO
0 . .o0

0~IJ 'C1 o92



C".

1.
oU

Li.

0 .0 0

c. -:

0.0.92 <- 0. .

20 15Q 0 0

-. 0

u U10,0 C-. 0 oO
5c- . 0 C

t .2 .5 0 0
L0 '.-. cz

sp. Z; _ 11 -C

Ou. C. > ..

Cl..0

00

-
00

00 r.

- 93



C.)

cUv Cr

La.

U)

-4

C . C

0r C)z

-. '-.

E. 9

0. 'a ~ a 7s
C. Z = ~ 0

zf .4 0
- .co

0 g c~
P-

~ .C -0-

0- 0
CU .0

C:

0 co~

C-.

0) CO

C% C n Cl<c

94



czi

Cr

0.1E

C.,

mU

U,

C4, '0

to

C3

0-0
cn0

'95



C3

C.

-CO) Ci.
-- x. "C E t z

P 0

.C. C.-~

-C-

0 0)C 0 0 0 0 0 .

~~CJ ~~~ 00 C ) C ) C ) C

00

C11 0
Z z.

xz 0 ~
a 0 0 0/ . <c

zz = .> >E m
C/ C/3 w w, w~ .C/

C/) C/ r) Vd) en) U) C/
:: C) pl Pl A2)

96



c

Cl

06

E-

'0 0

ootn
0

I C. 
-

0 -

on Ll - -

-C u C C) C)

-1 :3 D~

5 97



CIS

'~~03

000

I-4

>~ 0

.0 .0 .2 >~

V 0

0 0 0
0 0 0 0 0 = =

w00x P4W 494P(0

C
QU

!4 CIS

P4p

cn 0
S cr)~C C)4

-q co
C') c n /

98



rc,

00

C4 .t T3 4

0Q 0 0 0 0

cu -oi 0 u a C3 v (

Ec) L 'ZI ~ ~ 2~
V~~~1 a V 4) VV V

0 0 0 0 00 0 0 0

Q C4

cl 0

=.2 0

0 u 00 -.4~~2. C/) -S .54 'n~E X C) C4ma op I L

99



SECTION 3

LIST OF REFERENCES

1. "Low Level Internal Dose Screen--CONUS Tests," DNA-TR-85-317, 22 December 1986,
114 p. (A06) AD/A182 563.

2. "Estimates of Internal Dose Equivalent to 22 Target Organs for Radionuclides Occurring in
Routine Releases from Nuclear Fuel-Cycle Facilides," Vols. I and II, ORNL/NUREG/
TM-190-1&2, Oak Ridge National Laboratory, Oak Ridge, TN, June 1978 and November
1979.

3. "Limits for Intakes of Radionuclides by Workers," International Commission on
Radiological Protection, ICRP Publication 30, 3 parts, Pergamon Press, New York, 1978,
1980, 1981.

4. "Internal Dose Assessment, Operation CROSSROADS," DNA-TR-84-119, 30 October
1985, 90 p. (A05) AD/A168 803.

5. "Analysis of Radiation Exposure, Service Personnel on Rongerik Atoll, Operation
CASTLE, Shot Bravo," DNA-TR-86-120, 9 July 1987, 48 p. (A03) AD/A193 520.

6. "FilDOS--A Computer Code for the Computation of Fallout Inhalation and Ingestion Dose
to Organs," DNA-TR-84-375, December 1985, 172 p. (A08) AD/A168 148.

7. "Operation CROSSROADS, 1946," DNA-6032F, May 1984, 568 p.
(A24) AD/A146 562.

8. "Analysis of Radiation Exposure for Naval Units of Operation CROSSROADS,"
Vol 1: Basic Report, DNA-TR-82-05-Vl, March 1982, 168 p. (A08) AD/A152 702.

Vol 2: Appendix A, Target Ships, DNA-TR-82-05-V2, March 1982, 196 p.
(A09) AD/B090 882.

Vol 3: Appendix B, Support Ships, DNA-TR-82-05-V3, March 1982, 450 p.
(A19) AD/B090 883.

9. "Operation SANDSTONE, 1948," DNA-6033F, December 1983, 222 p.
(A10) AD/A139 151.

10. "Analysis of Radiation Exposure for Naval Personnel at Operation SANDSTONE,"
DNA-TR-83-13, August 1983, 50 p. (A03) AD/A152 188.

11. "Operation GREENHOUSE, 1951," DNA-6034F, June 1983, 334 p.
(A15) AD/A134 735.

12. "Analysis of Radiation Exposure for Naval Personnel at Operation GREENHOUSE,"
DNA-TR-82-15, July 1982, 130 p. (A07) AD/A151 621.

13. "Operation IVY, 1952," DNA-6036F, December 1982, 364 p. (A16) AD/A128 082.

100



14. "Analysis of Radiation Exposure for Naval Personnel at Operation IVY,"

DNA-TR-82-98, March 1983, 74p. (A04) AD/A152 190.

15. "CASTLE Series, 1954," DNA-6035F, April 1982, 530 p. (A23) AD/A117 574.

16. "Analysis or Radiation Exposure for Naval Personnel at Operation CASTLE,"
DNA-TR-84-6, January 1984, 178 p. (A09) AD/A166 033.

17. "Operation WIGWAM (Series Volume)," DNA-6000F, September 1981, 262 p.
(A12) ADA/105 685.

18. "Operation REDWING, 1956," DNA-6037F, August 1982, 442 p. (A19) AD/A134 795.

19. Memo for File, Subject: Calculated Radiation Doses for Personnel on the Residence
Islands of Enewetak Atoll During Operation REDWING--Revised Memo of 6 July 1984,
SAIC, 22 July 1985.

20. "Operation HARDTACK I, 1958," DNA-6038F, December 1982, 474 p.
(A20) AD/A136 819.

21. Memo for File, Subject: Dose Estimates for Land-Based Personnel, Operation
HARDTACK I, SAIC, Rev. 16 July 1985.

22. "Operation ARGUS, 1958," DNA-6039F, April 1982, 138 p. (A07) AD/A122 341.

23. "Operation DOMINIC I, 1962." DNA-6040F, February 1983, 436 p.
(A19) AD/A136 820.

24. Memo for File, Subject: Assessed Radiation Dose, LCT Group 15 and LCT Group 21,
Operation CROSSROADS, SAIC, 3 May 1988.

101



102



APPENDIX

LIST OF ABBREVIATIONS

1. OPERATIONS

X - CROSSROADS
S - SANDSTONE
G - GREENHOUSE
I - IVY
C - CASTLE
R - REDWING
H - HARDTACK
D - DOMINIC

II. SHOTS

Opration CASTLE Oneration HARDTACK I

B - BRAVO Ca - CACTUS
R - ROMEO Fr - FIR
K - KOON Bu - BUTTERNUT
U - UNION Ko - KOA
Y - YANKEE Wh- WAHOO
N - NECTAR Ho - HOLLY

Nu - NUTMEG
Ye - YELLOWWOOD

Qperation REDWING Mg - MAGNOLIA
To - TOBACCO

Z - ZUNI Sy - SYCAMORE
Y - YUMA Um- UMBRELLA
E - ERIE Mp - MAPLE
S - SEMINOLE As - ASPEN
F - FLATHEAD Wn - WALNUT
K - KICKAPOO Li - LINDEN
O - OSAGE Re - REDWOOD
I - INCA El - ELDER
D - DAKOTA Oa - OAK
M - MOHAWK Hi - HICKORY
A - APACHE Sq - SEQUOIA
N - NAVAJO Ce - CEDAR
T - TEWA Do - DOGWOOD
H - HURON Po - POPLAR

Sc - SCAEVOLA
Pi - PISONIA
Ju - JUNIPER
01 - OLIVE
Pn - PINE
Te - TEAK
Qu - QUINCE
Or - ORANGE
Fg - FIG
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LOUISIANA UNIV .CH OF MED, SHREVEPORT ATTN: MILITARY LIASION FOR DR RIDLEY

ATTN: LIBRARY
DIRECTORY OF OTHER

NATIONAL ACADEMY OF SCIENCES
ATTN: C ROBINETTE ALABAMA, UNIVERSITY OF
ATTN: S JABLON ATTN: DIRECTQR OF LIBRARIES

NEBRASKA, UNIVERSITY OF ALASKA, UNIVERSITY OF
ATTN: LIBRARY ATTN: DIRECTOR OF LIBRARIES

OHIO STATE UNIVERSITY ALLEN COUNTY PUBLIC LIBRARY
ATTN: LIBRARY ATTN: BUSINESS &TECHNOLOGY DEPT

PACIFIC-SIERRA-RESEARCH CORP ANAHEIM PUBLIC LIBRARY
ATTN: H BRODE ATTN: LIBRARIAN

R & D ASSnCIATES ARIZONA, UNIVERSITY
ATTN: C K B LEE ATTN: LIBRARIAN

R & D ASSOCIATES ARKANSAS COLLEGE LIBRARY
ATrN. (;GANONG ATTN: LIBRARY

RADIATION RESEARCH ASSOCIATES, INC ARKANSAS LIBRARY COMM
ATTN: N SCHAEFFER ATTN: LIBRARY

RAND CORP ARKANSAS, UNIVERSITY OF
ATTN: TECH-LIBRARY ATTN: GOVERNMENT DOCUMENTS DIV
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JOHNS HOPKINS UNIVERSITY MICHIGAN STATE LIBRARY
ATTN: A KIMBALL -ATTN: LIBRARIAN
ATTN: R SELTSER

MICHIGAN, UNIVERSITY OF
KANSAS CITY PUBLIC LIBRARY ATTN: R CORNELL

ATTN: DOCUMENTS DIV
MICHIGAN, UNIVERSITY OF

KANSAS STATE LIBRARY ATTN: F MOORE
ATTN: LIBRARIAN

MIDDLETON LIBRARY
KANSAS STATE UNIV LIBRARY ATTN: DIRECTOR OF LIBRARIES

ATTN: DOCUMENTS DEPT
MINNESOTA, UNIVERSITY OF

KENTUCKY DEPT OF LIBRARY & ARCHIVES ATTN: J BEARMAN
ATTN: DOCUMENTS SECTION ATTN: L SCHUMAN

KENTUCKY, UNIVERSITY OF MINOT STATE COLLEGE
ATTN: DIRECTOR OF LIBRARIES ATTN: LIBRARIAN

KINGSTON-HOSPITAL MISSOURI, UNIVERSITY LIBRARY
ATTN: K JOHNSON ATTN: GOVERNMENT DOCUMENTS

LOS ANGELES PUBLIC LIBRARY MONTANA STATE LIBRARY
ATTN: SERIALS DIV U S DOCUMENTS ATTN: LIBRARIAN

MAINE UNIVERSITY, OF NASSAU LIBRARY SYSTEM
ATTN: LIBRARIAN ATTN: LIBRARIAN

MANKATO STATE COLLEGE NATL COUNCIL ON RADIATION
ATTN: GOVT PUBLICATIONS ATTN: W SINCLAIR

MANTOR LIBRARY NATRONA COUNTY PUBLIC LIBRARY
ATTN: DIRECTOR OF LIBRARIES ATTN: LIBRARIAN

MARATHON COUNTY PUBLIC LIBRARY 'NEW HAMPSIRE UNIVERSITY LIB
ATTN: LIBRARIAN ATTN: LIBRARIAN

MARRIOTT LIBRARY NEW MEXICO, UNIV OF
ATTN: DOC DIVISION ATTN: C KEY

ATTN: R ANDERSON
MARYLAND UNIVERSITY OF

ATTN: MCKELDIN LIBR NEW YORK PUBLIC LIBRARY
ATTN: LIBRARIAN

MEMORIAL HOSP FOR CANCER & ALLIED DISEASES
ATTN: P LIEBERMAN NEW YORK STATE LIBRARY

ATTN: CULTURAL ED CTR
MEMORIAL SLOAN-KETTERING CANCER CENTER

ATTN: J LAUGHLIN NEW YORK STATE UNIV OF
ATTN: P MARKS MD ATTN: LIBRARY GOVERNMENT DOCUMENTS

MEMPHIS SHELBY COUNTY PUB LIB & INFO CTR NEW YORK UNIV MEDICAL CENTER
ATTN: LIBRARIAN ATTN: N NELSON

MERCER UNIVERSITY NEW YORK UNIVERSITY
ATTN: DOCUMENTS LIBRARIAN ATTN: A UPTON

ATTN: LIBRARY
MESA COUNTY PUBLIC LIBRARY

ATTN: LIBRARIAN NEWARK FREE LIBRARY
ATTN: LIBRARIAN

MIAMI PUBLIC LIBRARY
ATTN: DOCUMENTS DIVISION NORTH CAROLINA UNIV AT WILMINGTON

/' ATTN: LIBRARIAN
MICHIGAN MEDICAL SCHOOL, UNIV OF

ATTN: J NEEL NORTH CAROLINA, UNIVERSITY OF
ATTN: LIBRARY FOR DEAN
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RHODE ISLAND LIBRARY, UNIVERSITY OF
NORTHERN ARIZONA UNIVERSITY LIB ATTN: GOVT PUBLICATIONS OFFICE

ATTN: GOVERNMENT DOCUMENTS DEPT
ROCHESTER UNIV MEDICAL CTR

NORTHERN IOWA UNIVERSITY ATTN: G CASARETT
ATTN: LIBRARY

ROCHESTER UNIV OF LIB
NORTHERN MICHIGAN UNIV ATTN: GOVERNMENT DOCUMENT CENTER

ATTN: DOCUMENTS
ROCHESTER, UNIVERSITY OF

NORTHWESTERN MICHIGAN COLLEGE ATTN: L HEMPELMANN
ATTN: LIBRARIAN

SAINT FRANCIS HOSPITAL
NORTHWESTERN UNIVERSITY ATTN: R BLAISDELL

ATTN: H CEMBER
SCOTTSBLUFF PUBLIC LIBRARY

OAK RIDGEASSOCIATED UNIVERSITIES ATTN: LIBRARIAN
ATT.N: D LUSHBAUGH
ATTN: E TOMPKINS SCRANTON PUBLIC LIBRARY
ATTN: J TOTTER ATTN: LIBRARIAN

OHIO STATE LIBRARY S-RIALS DEPARTMENT
ATTN: LIBRARIAN ATTN: LIBRARIAN

OKLAHOMA DEPT OF LIBS SILAS BRONSON PUBLIC LIBRARY
ATTN: U S GOVT DOCUMENTS ATTN: LIBRARIAN

OKLAHOMA, UNIVERSITY OF SIMON SCHWOB MEM LIB
ATTN: P ANDERSON ATTN: LIBRARIAN

OREGON STATE LIBRARY SIOUX CITY PUBLIC LIBRARY
ATTN: LIBRARIAN ATTN: LIBRARIAN

OREGON, UNIVERSITY OF SOUTH CAROLILNA, MEDICAL UNIV OF
ATTN: B PIROFSKY ATTN: P LIU

PENNSYLVANIA STATE LIBRARY SOUTHEASTERN MASSACHUSETTS UNIV LIB
ATTN: GOVERNMENT PUBLICATIONS SECTION ATTN: DOCUMENTS SEC

PENNSYLVANIA UNIV HOSPITAL SOUTHERN ALABAMA, UNIVERSITY OF
ATTN: S BAUM ATTN: LIBRARIAN

PENNSYLVANIA, UNIV OF SOUTHERN CALIFORNIA, UNIV OF
ATTN: P NOWELL ATTN: J BIRREN

PEORIA PUBLIC LIBRARY SOUTHERN ILLINOIS UNIVERSITY
ATTN: BUSINESS SCIENCE & TECH DEPT ATTN: DOCUMENTS CTR

PHILADELPHIA FREE LIB OF SOUTHERN MISSISSIPPI UNIV OF
ATTN: GOVT PUBLICATIONS DEPT ATTN: LIBRARY

PITTSBURGH, UNIV OF SOUTHERN OREGON STATE COLLEGE
ATTN: E RADFORD ATTN: LIBRARY/DOCUMENTS
ATTN: LIBRARY

SOUTHERN UTAH STATE COLLEGE LIBRARY
PREPARATION UNIT ATTN: DOCUMENTS DEPARTMENT

ATTN: LIBRARIAN
SOUTHWEST MISSOURI STATE COLLEGE

PUBLIC LIB CINCINNATI & HAMILTON COUNTY ATTN: MEYER LIBRARY GOVT DOCUMENTS
ATTN: LIBRARIAN

STANFORD UNIV MEDICAL CENTER
READING PUBLIC LIBRARY ATTN: J BROWN

ATTN: LIBRARIAN
STANFORD UNIVERSITY

ATTN: L MOSES
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UTAH, UNIVERSITY OF

STANFORD UNIVERSITY HOSPITAL ATTN; LIBRARY
ATTN: R DORFMAN

VANDERBILT UNIVERSITY
STATE LIBRARY ATTN: R QUINN

ATTN: DOCUMENTS DEPARTMENT
VERMONT. UNIVERSITY OF

TEXAS A&M UNIVERSITYTY ATTN: DIRECTOR OF-LIBRARIES
ATTN: ROBERT S STONE

VIRGINIA STATE LIBRARY
TEXAS AT AUSTIN, UNIV OF ATTN: SERIALS SECTION

ATTN: H SUTTON VIRGINIA. UNIVERSITY OF

TEXAS TECH UNIVERSITY LIBRARY ATTN: PUBLIC DOCUMENTS
ATTN: GOVERNMENT DOCUMENTS DEPT

WASHINGTON STATE LIBRARY
TEXAS, UNIVERSITY OF ATN: DOCUMENTS SECTION

ATTN: C S COOK
WASHINGTON. UNIVERSITY OF

TEXAS. UNIVERSITY OF ATTN: D THOMPSON
ATTN: R STALLONES

WEST VIRGINIA COLL OF GRAD STUDIES LIB
TEXAS, UNIVERSITY OF ATTN: DOCUMENTS DEPT

ATTN: W SUTOW
WEST VIRGINIA, UNIVERSITY OF

TEXAS, UNIVERSITY OF ATiN: DIRECTOR OF LIBRARIES
ATTN: G TAYLOR

WISCONSIN. UNIVERSITY OF
TOLEDO PUBLIC LIBRARY ATTN: J CROW

ATTN: SOCIAL SCIENCE DEPT
WORCESTER PUBLIC LIBRARY

TRENTON FREE PUBLIC LIBRARY ATTN: LIBRARIAN
ATTN: DOCUMENTS DEPT

YALE UNIVERSITY
TULSA UNIVERSITY, OF ATTN: DIRECTOR OF LIBRARIES

ATTN: LIBRARIAN
YALE UNIVERSITY SCH OF MEDICINE

UNIVERSITY OF OREGON LIBRARY ATTN: J MEIGS
ATTN: DOCUMENTS SECTION ATTN: LIBRARY

UNIVERSITY OF WISCONSIN.MADISON
ATTN: ACQUISITIONS DEPARTMENT
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